O ccupational injuries continue to represent a serious public health concern for workers throughout the world. It has been estimated that the global annual occupational fatal injury rates are 14 deaths per 100 000 workers. 1 The rates are much lower in industrialized countries than in less industrialized countries. Countries in established market economies averaged five deaths per 100 000 workers, countries in former socialist economies of Europe, India, and China all reported 11 deaths per 100 000 workers, while other Asian countries and islands had an average of 23 per 100 000 workers. In Korea, the rate was extremely low during the 1960s in the early stages of economic growth. 2 An increase from 33 deaths in 1964 to 639 deaths (82.0 deaths per 100 000 workers) in 1970 to 1006 deaths (54.8 deaths per 100 000 workers) in 1975 was observed in Korea. 2 This was at a time when full scale economic development began and industrial and technological innovations brought rapid changes to the working environments. Changes in safety awareness at the workplace and the government's steady injury prevention activities may have helped lead to a gradual decline in fatalities after 1980. 3 A decrease in fatalities from 33.9 deaths per 100 000 workers (1273 deaths) in 1980 to 16.6 deaths per 100 000 workers (1533 deaths) in 2000 was observed in Korea. 2 Even with this decline, the rate is still higher than that of developed countries such as the United States. What might explain these differences? They might simply reflect differences in workplace practices among countries even within similar industries. These differences also might be explained if different countries' surveillance systems have differential coverage for these injuries. Addressing these questions may help establish the plan for decreasing the occupational injury rate of Korea to that of developed countries. This study was conducted to compare the characteristics of occupational fatal injuries in South Korea and the United States. This may be one of the first direct comparisons of a developing economy and an established economy with respect to injuries. Methods were developed that allowed for the creation of similar industry and injury definitions to be used for data from both countries. Fatality rates were generated overall and by industry division. Identifying the subgroups of the population where these rates differ is helpful for understanding the cause of the high rates in Korea. Particular industries or injury causes of notable concern in Korea and the United States can be highlighted by this analysis. Finally, this analysis offers another illustration of the challenge of comparing occupational health outcomes across countries, and the need for coordinated, harmonized systems to facilitate such comparisons.
METHODS

Data
Occupational injury fatalities in the United States for the years 1998 through 2001 were obtained from the Bureau of Labor Statistics' Census of Fatal Occupational Injuries (CFOI), a multiple source surveillance system maintained by the Bureau of Labor Statistics. Demographic information of the deceased person, and information about the employer and nature of the injury is reported in the CFOI system. 4 Deaths with missing industry values were excluded from rate calculations, but included in cause of death analyses. Deaths in the public sector (including all federal, state, and local government employees) were eliminated to maintain compatibility with the Korean dataset. While intentional injuries are a common cause of occupational fatalities in the United States, these are rare in Korea, and are not included in the Korean data. Intentional injuries accounted for approximately 15% of occupational fatalities in the United States from 1998 through 2001. 5 Fatal injury rates were constructed using the number of workers employed in a particular year as the denominator. In the United States these were based on tabulations in the Current Population Survey, 6 a monthly sample of workers aggregated to yield annual estimates of employment.
Korean fatality data for the same years were provided from Korea Occupational Safety and Health Agency (KOSHA) Survey of Causes of Occupational Injuries, primarily collected from Korea Labor Welfare Corporation (KLWC), which is Korea's only insurance company for workers' compensation but which excludes governmental officials, professional soldiers, and educational staff. If an injury claimed by a worker was classified as an occupational injury by KLWC, information was entered into an electronic database. The inclusion criterion for entry in the KLWC data set is all work related injuries regardless of the location where the injury occurred. It also includes all employed workers regardless of the characteristics of workers (age, sex, nationality) and companies (size, industry type). (KOSHA is also able to access the KLWC's electronic file (raw data) for compensated cases through the electronic network between KLWC and KOSHA. KOSHA has specialists verify the cause of injury in detail for all fatalities through a survey of compensated cases using a questionnaire administered by mail and telephone.) Each case has information about sex, age, cause of injuries, type of industries, and size of companies. Data from 1998-2001, extracted from the KLWC data and reviewed by KOSHA, are used in this analysis.
Denominators for computing fatality rates from the Korean data were the total number of workers employed by companies contracted with the KLWC. Employment data include number of workers by type of industries and size of companies in each calendar year.
Appendix table 1 provides a comparison of the occupational injury surveillance systems between Korea and United States. Part of the challenge of comparing data across countries becomes apparent from a review of this table. Different sources of case determination (compensated injury claims in Korea v multiple source identification in the United States) are one confounder of any cross country comparison. Coding of industry and cause of death are two additional areas where differences need to be reconciled before any comparison.
Data aggregation
To allow for direct comparison between the countries both the industry and injury cause classification systems in the two countries were matched. Deaths in the United States were classified by industry divisions-codes from the Standard Industrial Classification system 7 classified into 10 large categories. Korean fatalities were classified using the Korean Standard Industrial Classification System. 8 To facilitate comparisons between industries, six industry groups were formed and are presented in appendix table 2 along with the industry division codes from each country that comprise the groups. Fatal injuries in the United States were classified using the Occupational Injury and Illness Classification System (OIICS). 9 Deaths in Korea were classified using the Causes of Occupational Injury and Disease Classification System, 10 a system that closely resembles the OIICS and has 19 injury categories and six disease categories. Fatalities were classified into 10 groups that cover causes from each of the systems. These fatality groups are presented in appendix table 3 along with the United States and Republic of Korea injury codes that make up each group.
Data summaries and statistical methods Annual fatal injury rates were estimated using the number of occupational deaths for a subgroup in a year divided by the number of workers in that subgroup in the same year. This provides an estimate of risk per worker-year in that subgroup, reported on a per 100 000 worker-years basis.
Poisson regression was used to assess time trends. Poisson regression models are generalized linear models with a log link and a Poisson response distribution. 11 To measure time trends, log fatality rates were represented as a function of calendar year. The basic model used had the form: log (rate) = b 0 +b 1 * (year21998) where b 0 was the log fatality rate in 1998, the first year of the study, and b 1 the annual time trend parameter. In the Poisson regression model, the number of fatal injuries is the response, while the (log) number employed served as an offset in the model. These models were fit using the SAS GENMOD procedure. 12 Values of the estimated parameters are reported as: which are the estimated annual fatality rate per 100 000 worker-years in the first year of the study (1998) and the estimated annual percentage change in fatal injury rates, respectively. These models were fit to data from each country as a whole and then stratified by other variables of interest, such as industry groups within each country.
To evaluate whether differences in fatal injury rates were due to differences in employment structure between countries, we calculated a directly adjusted United States fatal injury rate using the industry specific number of Korean workers as the standard population. We also calculated a directly adjusted Korean fatal injury rate using the industry specific number of workers in the United States as the standard population. This produced an overall rate estimate weighted by this standard population. 13 
RESULTS
For 1998-2001, 4830 unintentional occupational fatal injuries were observed in Korea while 18 261 were recorded in the United States. The mean age of workers dying in an unintentional occupational fatal injury was 43.1 years in both countries. For years 1998-2001, the overall Korean occupational fatal injury rate was 13.8 deaths per 100 000 workers while the rate in the United States was 3.6/100 000 (table 1) . The directly standardized fatal injury rate in Korea when adjusted was 10.3 per 100 000 workers. The rate in the United States when adjusted for Korean employment patterns was 5.5 per 100 000 workers. The percentages of workers in different industries in the two countries are displayed in table 1. Construction and manufacturing made up a relatively higher fraction of the workforce in Korea v the United States, 24% v 7% and 30% v 16%, respectively. The United States had a significantly higher percentage of workers not employed in mining, construction, manufacturing, transportation or agriculture, forestry and fishing, 67% v 38%.
The ordering of industries with respect to occupational fatal injury rates was the same in the two countries, with the highest observed rate in mining followed by agriculture/ forestry/fishing, construction, transportation/public utilities, manufacturing, and other industries (table 1). While 41% of unintentional occupational fatalities were in construction in Korea, 25% of such fatalities in the United States were in construction. A comparison of country specific rates within industry highlights that Korean rates are higher in each industry. The Korean rate was 1.5 times higher than that for the United States in agriculture/forestry/fishing, two times higher in construction or transportation/public utilities, four times higher in manufacturing, and six times higher in mining.
The time trends across industry and country are shown in table 2. Rates in the United States remained relatively constant at approximately 3.6/100 000 over the study period, while Korean rates dropped approximately 13% over this four year period to 12.8/100 000 from 14.6/100 000 in 1998. All Korean industries exhibited a decline except mining and manufacturing. Agriculture/forestry/fishing dropped from 62.5/100 000 in 1998 to approximately 30/100 000 in 1999 and beyond. Industry specific rates in the United States were fairly stable with the exception of mining, which exhibited an approximate 50% increase over this four year period.
Annual time trend estimates are summarized in table 3. An annual decline across all industries of 5% per year and ,2% per year was estimated for Korea and the United States, respectively. Annual decreases of 6.7% and 3.2% in Korea and the United States, respectively, were estimated for construction. A significant decrease in transportation and a significant increase in manufacturing rates were observed in Korea, while a significant decrease in agriculture/forestry/fishing and significant increase in mining were observed in the United States.
The distribution of cause of death differed in Korea and the United States (table 4) . The modal injury event in Korea was falls, 36% of deaths, while the modal event in the United States was motor vehicle related causes, 42% of the total in the United States. Motor vehicle related causes accounted for 19% of Korean deaths, and falls accounted for 15% of deaths in the United States. Contact with objects accounted for 27% of Korean deaths and 21% of deaths in the United States. No other cause accounted for more than 10% of deaths in either country. Among the less frequent causes, the most notable difference in pattern between the two countries was air and water related incidents, which accounted for 6% of deaths in the United States but ,1% of Korean deaths. A more detailed evaluation of injury causes within industries in the two countries is given in table 5. The top cause of death was the same for all industries except for agriculture/forestry/fishing where motor vehicle related causes accounted for over 40% of fatalities in the United States and only 15% of Korean fatalities (falls, the modal category for Korean fatalities, accounted for 26% of fatalities in this industry group). Not surprisingly, approximately 60% in transportation/public utilities were attributed to motor vehicle related causes. Contact with objects was the second most common injury cause for this industry. Contact with objects was the modal cause of death for mining (65% in Korea and 40% in the United States); however, motor vehicle related causes were more frequent causes in the United States (25%) compared with Korea (4.5%). Causes of death in manufacturing were similar in the two countries with falls and motor vehicle related causes switching positions two and three in the top five cause list. The causes in construction were similar with contact with object, electric current, and fire/explosion accounting for a similar percentage of the injuries. Falls accounted for 55% of construction deaths in Korea and 34% in the United States, while motor vehicle related causes accounted for 25% in the United States and 6% in Korea.
DISCUSSION
In the analyses described above, crude rates of occupational fatal injury were more than three times higher in Korea relative to the United States for 1998-2001. Directly adjusted rates accounting for employment differences were still 2.5 times higher in Korea. Thus, it appears that Korea-United States differences cannot be explained solely by differences in industry specific employment patterns. The general population unintentional fatal injury rate in 1999 was 45.7 per 100 000 in Korea 14 and 35.07 per 100 000 in the United States. 15 The difference in rates between the two countries is much larger than the difference in rates observed in the general population.
The ordering of industries with respect to risk of occupational fatal injury is the same in the two countries with mining, agriculture/forestry/fishing, and construction being the most dangerous. Overall, the risk is decreasing in these two countries, although at a faster rate in Korea.
Restricting attention to unintentional injuries, falls dominate the landscape in Korea while motor vehicle related causes dominate in the United States. The nature of construction in Korea, being frequently high building construction, may help explain this cause. The availability of mass transit in Korea coupled with the lack of this in the United States may account for the higher importance of motor vehicle related causes in the United States. Another potentially important explanatory factor for this difference is the age when driver's licenses are obtained. In the United States, 16 year olds are eligible while Korea does not license drivers until they are 19.
Differences could be the result of a variety of factors including the disparity in the risk from injuries between the countries and discrepancies in data collecting systems. Bias in the comparison of occupational fatalities can arise from two main sources of mismatch between countries. First, the populations covered by fatality and employment sources can differ within and between countries. Second, classification systems for injury and industry groups could differ.
Both countries' fatality and employment data were internally consistent. Korean data on employment was based upon enrollment in a workers' compensation system while the United States employment estimate was based on a survey. Korean occupational fatal injury counts were based on compensation claims whereas counts in the United States were based on a multiple source surveillance system, CFOI. Although CFOI's requirement of multiple sources to confirm an occupational fatality may restrict the number of deaths captured, it also expands the coverage beyond that observed in surveillance systems that use only a single source. Companies with fewer than five employees were not included in Korea's systems before June 2000. At the end of 2001, KLWC included only 67% of small sized companies and only recently began including self employed workers with more than one employee. Data from the United States included both small sized companies and self employed workers. Research has shown that workers in small sized companies or who are self employed experience higher rates. 16 We conjecture that the exclusion of small size companies and self employed workers in Korea indicates that the risks presented here underestimate the true fatality rates in Korea, and that the differences between countries are larger than those stated here.
Classification of industry and injury groups could also present differences. Employment data were available only at the major division level, so it was not possible to separate specific industries from larger industry groups. As a check of the validity of matching based on industry division, individual industries were matched at the two digit standard industrial code level. At this level, the most notable differences were that logging industries were included in agriculture, forestry, and fishing in Korea, and as manufacturing in the United States, and sanitation services were listed as services in Korea, and under transportation, communications, and public utilities in the United States. Since these were the largest observed differences, and this represented relatively small groups, no adjustments were made. This preserved the internal validity of rates within countries.
Injuries were classified into 10 large groups of injury types. As mentioned earlier, intentional injuries in the United States were excluded to maintain compatibility with Korean data, where these events are rare. If these fatalities were included in the comparisons, fatality rates in the United States would be increased by nearly 20%. In matching injury causes, not all causes were matched in the two countries. Nineteen Korean fatalities that did not have equivalents in the United States were removed. If these were included, this would result in an increase in the Korean fatality rate slightly, but increase in the discrepancy between countries.
Though relatively comparable industry and injury classification systems exist between these countries, many other factors affect the rates. Injury risk may depend on a host of factors including worker demographic factors such as age and education level, and workplace factors (for example, mean job duration and shift work). Several potential explanations are given here for the differences observed between the countries. The mix of industries within countries and differences in work organization, processes, products, and technologies are also possible explanations. Since the difference in fatality rates was still substantial after adjusting for differences in the mix of industries, factors within industries (for example, differences in production processes) are likely to be important.
Using the number of workers employed as the denominator may cause differences in risk estimates as well. Ruser described differences in rates that result from using either the number of hours or number of employees in rate calculations. 17 Since the total weekly working hours of Korean workers are much higher than those in the United States, the use of number employed, as performed here, may accentuate estimated rate differences between the countries. 16 The lack of detailed information such as number of workers by sex, age, and kinds of industry restricts the analyses. Even though we were unable to conduct analyses adjusting for these factors, our analyses provide a prediction of the overall trend in Korea. If employment in industry in Korea shifts from manufacturing to service sector jobs, as has been observed in the United States, then these injuries in Korea may increase among workers in the service sector and among age groups often employed to greater degrees in this industry-for example, younger and older employees. Of course, overall mortality will be decreased according to the change of industry structure from primary to tertiary. However, rates in Korea are still higher than those in the United States. Korea can learn from experiences in the United States to prevent injuries in the current mix of industries and to set up strategies for preventing injuries in the future as the mix of Korean employment patterns change.
International efforts to harmonize injury data for comparing injury experience across countries are ongoing. The International Collaborative Effort (ICE) on Injury Statistics addressed many of the coding issues we described above. 18 Fingerhut et al published comparisons of injury mortality rates in the 11 countries who participate in the ICE which also highlighted high frequencies of fall related and motor vehicle related causes. 19 Country specific differences in death certification and coding practices are credited with differences observed in higher fatal injury death rates for older New Zealanders compared with older American citizens. 20 Williamson et al suggested that a narrative analysis of text describing injury mechanisms might help reconcile some coding differences in an analysis of fatal injuries in Australia, New Zealand, and the United States. 21 Driscoll et al also examined the attribution of work relatedness to fatal injuries in these countries. 22 Based on scenarios tested in these studies, they concluded that difference existed in the attribution of work relatedness. Unlike these studies, we faced the challenge of reconciling coding differences between two countries with different languages.
The International Labour Organization defines an occupational injury as ''any personal injury, disease or death resulting from an occupational accident'' with coverage of workers including ''… all workers regardless of their status in employment (for example, employee, employer and ownaccount worker). Coverage should include child workers, informal sector workers and homeworkers, where they exist''. 23 This source also defined a fatal occupational injury as ''an occupational injury leading to death within one year of the day of the occupational accident''. Such coverage and breadth is difficult to achieve in current transnational comparisons although it does provide a target for current and future efforts. N International comparisons of injury rates require reconciliation of coding differences for industry groupings, causes of death, etc. 
APPENDIX
